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Abstract
In 46 febrile neutropenic patients who had undergone haemato-
poietic stem cell transplantation, the ﬂuorescence in situ hybridi-
sation using peptide nucleic acid probes (PNA FISH), Gram
stain/acridine orange leukocyte cytospin (Gram/AOLC), and dif-
ferential time to positivity (DTP) methods were performed for
detection of catheter-related bloodstream infections (CRBSIs).
As compared with the DTP method (which detected 11 patients
with CRBSI), the PNA FISH and the Gram/AOLC methods
detected ten of 11 CRBSI patients, resulting in a sensitivity,
speciﬁcity, negative predictive value and positive predictive value
of 91%, 100%, 97% and 100%, respectively, for the PNA FISH
method as well as for the Gram/AOLC method.
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A variety of methods have been developed to detect cathe-
ter-related bloodstream infections (CRBSIs) [1]. Calculation
of the differential time to positivity (DTP) of paired blood
cultures drawn from the central venous catheter (CVC) and
peripheral veins allows diagnosis of CRBSI without catheter
removal [2]. However, the DTP method is time-consuming,
as growth of microorganisms is required. The Gram/acridine
orange leukocyte cytospin (Gram/AOLC) method does not
require removal of the CVC for the diagnosis of CRBSI, and
allows rapid detection of microorganisms in hub blood, even
in neutropenic patients [3,4]. The ﬂuorescence in situ hybridi-
sation using peptide nucleic acid probes (PNA FISH) method
is a slide-based staining technique that provides pathogen
identiﬁcation from blood samples containing a given amount
of bacteria or fungi within a few hours [5]. The PNA FISH
method might therefore be useful for the diagnosis of CRBSI.
The aim of the present study was to assess the PNA FISH
and Gram/AOLC methods for the diagnosis of CRBSI in feb-
rile neutropenic patients undergoing haematopoietic stem cell
transplantation (HSCT) in comparison with the DTP method.
Neutropenic febrile patients after HSCT and with a CVC
in place included in this study were recruited at our bone
marrow transplantation unit. The following tests were per-
formed immediately after onset of fever in all patients. A
1-mL sample of blood (treated with EDTA) was drawn from
every lumen of the catheter for the Gram/AOLC and PNA -
FISH methods. Blood was then drawn through every lumen
of the catheter for one pair of aerobic and anaerobic blood
culture bottles each (hub blood culture) and through a
peripheral vein for an additional pair of aerobic and anaero-
bic blood culture bottles for the DTP method, as previously
described [3,4,6]. The EDTA blood samples were partly used
for the Gram/AOLC method and processed as described
previously [3]. The remaining EDTA hub blood samples were
used for two PNA FISH tests (Staphylococcus aureus/coagu-
lase-negative staphylococci PNA FISH and Escherichia coli/
Klebsiella pneumoniae/Pseudomonas aeruginosa PNA FISH),
which were performed as recommended by the manufac-
turer (AdvanDx, Woburn, MA, USA). In the case of CRBSI
and/or at the clinician’s discretion, the CVC was removed,
and Port-a-Caths were inactivated. Removed CVCs were
processed by the Brun–Buisson method [7].
Forty-six patients (31 males and 15 females, median age of
56 years, range 30–70 years) were included in the study.
Twenty-nine had a CVC without subcutaneous tunnel, one
had a tunnelled CVC, and 16 had Port-a-Caths. Eleven of the
46 patients (24%) had CRBSI as determined by the DTP
method. In ten of 11 patients (91%) with a positive DTP
result, the PNA FISH method was positive, resulting in a sen-
sitivity and speciﬁcity of 91% and 100%, and positive and neg-
ative predictive values of 100% and 97%, respectively
(Table 1). The Gram/AOLC method detected ten of 11
CRBSI patients, resulting in similar sensitivity, speciﬁcity and
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positive and negative predictive values as those for the
PNA FISH method. The Gram/AOLC method missed one
patient with CRBSI caused by coagulase-negative staphylo-
cocci (Table 1). In ten of 11 patients with CRBSI, coagulase-
negative staphylococci were cultured (in one patient, E. coli
was additionally cultured), and one patient had CRBSI due to
Streptococcus mitis. The latter patient was not detected by
the PNA FISH test, which does not contain S. mitis hybridisa-
tion probes (Table 1). Patients without CRBSI had negative
Gram/AOLC and PNA FISH results; these included 15 of 46
patients (33%) with bacteraemia but with negative DTP
results.
As a diagnostic tool for CRBSIs in febrile neutropenic
patients after HSCT, the PNA FISH method provided results
comparable to those obtained with the Gram/AOLC
method. One of 11 patients with CRBSI was not detected
by the PNA FISH method. This patient, suffering from CRBSI
caused by S. mitis, was missed by the PNA FISH method,
because the ﬂuorescently labelled peptide nucleic acid
probes used in this study targeted species-speciﬁc rRNA
from Staphylococcus aureus, coagulase-negative staphylococci,
E. coli, K. pneumoniae and P. aeruginosa. Unfortunately, no
PNA FISH test for the detection of S. mitis was available.
However, this organism rarely causes CRBSIs. As entero-
cocci and Candida spp. infrequently caused CRBSIs in patients
treated at our haematology unit, we did not include PNA -
FISH tests targeting these two microorganisms. For the
detection of CRBSIs, the species-speciﬁc investigation proce-
dure may be a disadvantage for the PNA FISH method. To
cover most of the relevant microorganisms causing CRBSIs,
the combination of different PNA FISH assays intended for
identiﬁcation of speciﬁc microorganisms is required, resulting
in higher costs and slight extension of the investigation time.
On the other hand, identiﬁcation of certain microorganisms
has great clinical impact, as targeted therapy could be initi-
ated. However, no antimicrobial susceptibility pattern can be
determined by the PNA FISH method, and therapy has
therefore to be based on available resistance data from a
given region.
One of 11 patients with CRBSI was not detected by the
Gram/AOLC method. This patient had CRBSI caused by
coagulase-negative staphylococci. The time to positivity of
the central blood culture was 29, 57 h, indicating a low initial
bacterial inoculum. Therefore, this blood sample might have
been missed by the Gram/AOLC method, owing to its abso-
lute detection threshold of 103–104 CFU/mL blood [3,8].
The sample was positive by the PNA FISH method, which
has a slightly lower detection limit of 102–103 CFU/mL blood
(data not shown). The Gram/AOLC method provides preli-
minary identiﬁcation of a very broad range of microorgan-
isms responsible for CRBSI. Investigation of slides stained
with either Gram or acridine orange dyes allows identiﬁca-
tion of bacteria as well as fungi. The Gram/AOLC method
requires 30 min to complete, and therefore has a great
impact on clinical practice, e.g. on the decision to remove a
catheter and/or change antimicrobial therapy. In addition, the
Gram/AOLC method is cheaper (€0.2) and faster than the
PNA FISH method (e.g. €37 for Staphylococcusaureus/coagu-
lase-negative staphylococci PNA FISH; completed in 2 h). As
a result of the ﬁndings of this study, we did not implement
the PNA FISH method in our CRBSI diagnostic programme,
but continued to routinely perform the DTP and Gram/
AOLC tests.
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TABLE 1. Results from patients with CRBSI
Patient Type of catheter DTP Gram/AOLC PNA FISH Microorganism Brun–Buisson
1 CVC Positive Positive Positive CoNS 106 CFU/mL
2 CVC Positive Positive Positive CoNS 106 CFU/mL
3 Port-a-Cath Positive Positive Positive CoNS Not done
4 CVC Positive Positive Negative Streptococcus mitis Negative
5 Port-a-Cath Positive Positive Positive CoNS Not done
6 CVC Positive Positive Positive CoNS Negative
7 CVC Positive Positive Positive CoNS, Escherichia coli Not done
8 Port-a-Cath Positive Positive Positive CoNS Not done
9 CVC Positive Positive Positive CoNS 3.9 · 102 CFU/mL
10 CVC Positive Positive Positive CoNS 106 CFU/mL
11 Port-a-Cath Positive Negative Positive CoNS Not done
CoNS, coagulase-negative staphylococci; CVC, central venous catheter; DTP, differential time to positivity; Gram/AOLC, Gram stain/acridine orange leukocyte cytospin;
PNA FISH, ﬂuorescence in situ hybridisation using peptide nucleic acid probes.
Both E. coli and CoNS were detected by all the three methods (DTP, Gram/AOLC, and PNA FISH).
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